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SOME PROBLEMS in  ANIMAL METABOLISM
The r e a l l y  e s s e n t i a l  m a te r ia l s  f o r  the  maintenance 
of l i f e  a re  the  p ro te in s .  For i t s  supply of th e se  m a te r ia l s  
the  animal kingdom i s  dependent on th e  v eg e tab le  kingdom, where, 
from ino rgan ic  p re c u rs o rs ,  th e se  complex n itro g en o u s  substances  
take o r ig in .  Without th ese  su b s tan ces  n e i th e r  animal nor 
v eg e tab le  l i f e  can e x i s t .
How the animal t i s s u e s  a c t u a l l y  u t i l i s e  the p ro te in  
taken  in  the d i e t ,  in  what form or c o n d i t io n  the d ig e s te d  
p ro te in  reaches th e se  t i s s u e s  and what changes i t  undergoes 
a f t e r  being taken  up, whether i t  becomes, f i r s t  of a l l ,  an 
i n t e g r a l  p a r t  of the t i s s u e  p r o te in  a lre ad y  e x i s t in g  th e re  
b e fo re  i t  can be u t i l i s e d  as i s  b e l iev e d  by P f lu g e r^ o r  whether, 
as  s t a t e d  by V oit, no such convers ion  in to  t i s s u e  p ro te in  i s  
necessa ry  before  i t  can y ie ld  up i t s  energy, a re  q u es tio n s  
which, p r in c ip a l ly  owing to  the numerous te c h n ic a l  d i f f i c u l t i e s  
s ta n d in g  in  the way of the experim enta l i n v e s t ig a t io n ,  a re  
s t i l l  aw a it in g  s o lu t io n .
During the p a s t  decade in fo rm ation  as to  the r e a l  
n a tu re  and c o n s t i t u t i o n  o f  the p ro te in  molecule has g rad u a lly  
been accum ulating , thanks m ainly to  the b r i l l i a n t  work of 
E. F is c h e r  and h i s  co-w orkers. These workers have shewn us
how numerous a re  the n u c le i  which go to  make up the  la rg e  and 
complex p r o te in  molecule and a t  th e  same time they  have c l e a r l y  
dem onstrated  the  h e te ro g e n e i ty  in  com position of p ro te in s  o f  
d iv e rs e  o r ig in .  F u r th e r  they have shewn how two p ro te in s  of 
p r a c t i c a l l y  th e  same o r ig in  may be very  d i f f e r e n t  in  c o n s t i tu ­
t io n ,  fo r  example^on the  one hand g e l a t i n e  which i s  o b ta ined  
from th e  c a r t i l a g in o u s  t i s s u e  of the  animal body c o n ta in s  over 
o f  the  amino a c id  g ly c o c o l l ,  about o f  le u c in  and n e i th e r  
c y s t in  nor ty r o s in  and,on th e  o th e r  g lo b in , the  p ro te in  o b ta ined  
from the  haemoglobin o f  the  animal* s blood, c o n ta in s  no g lycoco ll 
but has over 29^ o f  le u c in  and q u i te  d e f i n i t e  amounts of  both 
c y s t in  and ty r o s in .
The o rd in a ry  food then  i s  made up o f  p r a c t i c a l l y  
en d le ss  v a r i e t i e s  of com binations of the  d i f f e r e n t  c o n s t i tu e n t  
parts» - o f  monamino acid^, o f  di-amino a c id s ,  and of numerous 
arom atic  and o th e r  su b s tan ces . From t h i s  heterogeneous m ixture 
the body has to  form i t s  t i s s u e  p r o te in .  Does i t  then simply 
take  up the  p ro te in  molecule i n t a c t  and convey i t  to  the t i s s u e  
c e l l s  as L ieb ig  b e l ie v e d ,  o r  does i t  break up the  m a te r ia l  
be fo re  use? (For the  q u es t io n  as to  the  form in  which p ro te in  
i s  absorbed see fo llow ing  s e c t i o n ) . Whatever the  form in  which 
the  t i s s u e s  take t h e i r  p ro te in  food supply they  e x e r t  a  s e l e c t ­
ive  a c t io n .  As i l l u s t r a t i n g  t h i s  s e l e c t iv e  power th e  i n v e s t i ­
g a t io n  of Abderhalden and Samuely (1) o f f e r s  a  very  p r e t t y
a lthough  perhaps an exaggerated  example. These workers attem p­
ted  to  a l t e r  the  c o n s t i t u t i o n  of one o f  the  t i s s u e  p ro te in s  in  
a very  c le v e r  fa sh io n . They b led  a ho rse  alm ost to exhaustion  
and then  fed  the  animal w ith  a p ro te in  - g l i a d in  -  ob ta ined  
from wheat, o f  very d i f f e r e n t  com position to  t h a t  o f  the  blood 
p r o te in .  A f te r  the ho rse  had been kept on the  g l i a d in  d i e t  
u n t i l  the  supply of blood had p r a c t i c a l l y  re tu rn e d  to  normal, - 
th a t  i s  feed ing  took p lace  w h i ls t  th e re  was an a c t iv e  reforma­
t io n  of th e  serum p ro te in  going on, - a  sample o f  blood was 
taken  and on a n a ly s is  i t  was found to  have th e  same percen tage  
com position  as the  normal blood. In  o th e r  words the  t i s s u e s  
had dem onstrated t h e i r  s e l e c t iv e  power as reg a rd s  the u t i l i s a ­
t io n  of food m a te r ia l s  w ith in  the  body.
Recent work on the  s o - c a l l e d  p r e c i p i t i n  r e a c t io n  
tends  to show th a t  s t i l l  more s u b t le  d i f f e re n c e s  e x i s t  in  the 
v a r io u s  p ro te in  a r t i c l e s  of d i e t .  Indeed, in  a l l  p r o b a b i l i ty ,  
the  p ro te in s  o f  one sp e c ie s  of animal d i f f e r  from those  of 
a n o th e r ,  as i t  has been s a id  th e re  i s  ”a chem istry  of sp e c ie s" .  
Thus the  n e c e s s i ty  fo r  the  t i s s u e s  to  have the  f u l l  power of 
s e l e c t in g  the  substances  most s u i t e d  f o r  t h e i r  in d iv id u a l  ex­
i s t e n c e  .
Formerly i t  was b e l ie v e d  t h a t  the  f u l l  requirem ents 
o f  the  body were s a t i s f i e d  i f  th e re  were an abundant supply of 
th e  th re e  main fo o d s tu f f s .  P ro te in s ,  Carbohydrates and F a ts ,
t h a t  they were p re se n t  in  p ro p er  p ro p o r t io n  and in  s u f f i c i e n t  
amount to  supply the  c a l o r i f i c  needs of the  body. Evidence i s  
g ra d u a l ly  accum ulating to  show th a t  no such simple g e n e ra l i s a ­
t i o n  i s  lo n g er  p o s s ib le .  The r e s u l t  of many metabolism ex p e r i­
ments has shewn th a t ,  in  the  h ig h e r  anim als a t  l e a s t ,  substances 
must be p re se n t  in  the  d i e t ,  which a lthough  they  y ie ld  no energy 
to  th e  body, y e t ,  n e v e r th e le s s ,  a re  o f  a b s o lu te  importance fo r  
th e  maintenance of l i f e .  Many years  ago Lunin (2) shewed th a t  
mice fed  on a m ixture of f a t ,  c a se in  from m ilk  and cane sugar 
but ash  f r e e  l iv e d  fo r  only  a s h o r t  tim e. I f  sodium carbonate  
were added to  the  d i e t ,  in  o rd e r  to  n e u t r a l i s e  th e  a c id s  formed 
from the break  down of the p ro te in  su b s tan ces ,  the  mice l iv e d  
about a t h i r d  of the  time lo n g e r .  I f  to  t h i s  a r t i f i c i a l  food 
in o rg an ic  s a l t s  were added, in  exact p ro p o rt io n  as they  e x i s t  
in  m ilk , l i f e  was not prolonged lo n g e r  than  in  the  case where 
the  sodium carbonate  was added. Mice fed  on whole n a tu ra l  
m ilk  on the  o th e r  hand l iv e d  and th r iv e d .  In  a n a tu ra l  food 
then  l i k e  m ilk  th e re  e x i s t s  some "minimal" substance which i s  
^  a b s o lu te ly  necessary  fo r  the  anim al. As B a y lis s  and S ta r l in g
(3) say we are  no lo n g e r  j u s t i f i e d  in  judging  a d i e t  simply on 
i t s  c a l o r i f i c  value and i t s  co n ten t in  p ro te in  carbohydrate  and 
f a t .  Again Hopkins (4) has been fo rced  to  a l i k e  conclusion  
from c e r t a i n  feed ing  experim ents on mice c a r r i e d  out w ith  a 
p r o te in  - ze in  - o b ta ined  from maize. This p ro te in  c o n ta in s
no tryp tophane (an amino a c id  not found among th e  decom position 
p roduc ts  of zein) and when fed  to  mice f a i l s  to  m ain ta in  l i f e .  
When tryp tophane was added to  the d ie t a r y  the s u rv iv a l  p e r io d  
of th e  animal was g r e a t ly  pro longed. In  d is c u s s in g  t h i s  a c t io n  
o f  tryp tophane  Hopkins says . "But t h i s  r e s u l t  might well be 
expected , even i f  the  tryptophane ad m in is te red  undergoes u t i l i ­
s a t io n  w ithout d i r e c t l y  c o n t r ib u t in g  to  t i s s u e  form ation  or 
s t r u c t u r a l  maintenance. I f  i t  se rv e s  as a b a s is  fo r  the 
e la b o ra t io n  of a substance a b s o lu te ly  necessary  f o r  l i f e  - 
something, fo r  in s ta n c e ,  o f  an importance equal to  th a t  o f
a d re n a l in e  - .................. the  u t i l i s a t i o n  of the  c o n s t i tu e n t  would
seem to be of some d i r e c t  and s p e c i f ic  n a tu re " .  These e s s e n t i a l  
subs tances  a re  looked on as  perhaps p re c u rso rs  of s e c re t io n s  
e s s e n t i a l  to  l i f e  as in  the  work of Hopkins j u s t  r e f e r r e d  to .  
(T ry p to p h a n e ,i t  may be remarked^has been d e f i n i t e l y  s t a t e d  by 
c e r t a i n  workers to  be the  p re c u rso r  o f  ad ren a lin e )  .
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I I .
ABSORPTION o f  PROTEINS from the  INTESTINAL CANAL
A fte r  in g e s t io n  the  food p r o te in  i s ,  under normal 
c o n d i t io n s ,  f i r s t  su b je c te d  to  p e p t ic  d ig e s t io n  follow ed by the 
d ig e s t iv e  p rocesses  of the  small i n t e s t i n e  p r in c ip a l ly  p an crea tic  
i n  o r ig in .  The main q u es tio n  to  be answered i s ,  - In  what 
form does the food p r o te in  leav e  th e  lumen of th e  a lim en ta ry  
canal?  U n fo r tu n a te ly  owing to  the  numerous te c h n ic a l  d i f f i ­
c u l t i e s  a t te n d in g  experim en ta tion  on t h i s  p a r t  no a b s o lu te ly  
d e f i n i t e  a lthough many su g g es tiv e  r e s u l t s  have been ob ta ined .
The o ld e r  workers b e liev e d  ( I  w i l l  no t here  dea l 
w ith  the  q u es tio n  of the  a b so rp tio n  o f  the  n a t iv e  or u n a l te re d  
p r o te in s ;  re fe ren ce  to  t h i s  m a tte r  w i l l  be found in  a r e p r in t  
o f  a paper from Science P ro g ress  bound a t  the  end of t h i s  
Thesis) th a t  the  p ro te in s  l e f t  the i n t e s t i n a l  cana l in  the  form 
o f  p ro te o se s  and pep tones, i . e . ,  as the  f i r s t  com parative ly  
sim ple p roducts  of g a s t r o - i n t e s t i n a l  d ig e s t io n ,  and th a t  a f t e r  
ab s o rp t io n  in to  the c e i l s  of the  i n t e s t i n a l  mucous membrane 
immediate sy n th e s is  in to  t i s s u e  p r o te in  - serum p ro te in  - took 
p la c e .  Within the  p a s t  decade i t  h a ^ & e w n  th a t ,  in  a l l  pro­
b a b i l i t y ,  very l i t t l e  of the  in g e s te d  p r o te in  i s  absorbed in  
t h i s  form. K utscher and Seemann (1) Abderhalden (2) and o th e rs  
have shewn th a t  under a p p a re n t ly  normal c o n d i t io n s  amino ac id s
can be o b ta in ed  from th e  c a v i ty  of th e  sm all i n t e s t i n e .  This 
method of in v e s t ig a t in g  th e  i n t e s t i n a l  c o n te n ts  i s  not however 
e i t h e r  very convenien t or a c c u ra te  as  th e  p r o te in  food does not 
im m ediately decompose, i t  i s  not suddenly s h a t t e r e d  in to  i t s  
n u c le i  by the  a c t io n  of th e  g a s t r o - i n t e s t i n a l  fe rm en ts , but i s  
slow ly  d i s in t e g r a t e d .  Along w ith  t h i s  slow s e t t i n g  f r e e  of th e  
amino a c id s  th e re  i s  a  c o n s ta n t  a b s o rp t io n  going on. Thus one 
cannot expect, even under th e  most favourab le  c o n d i t io n s ,  to  
f in d  a t  any one time a c o l l e c t i o n  of e a s i l y  d i f f u s i b l e  c r y s t a l ­
l i n e  p roducts  - the  amino a c id s  - in  the  i n t e s t i n e .  Another 
method which w i l l  a ttem pt to  o b ta in  the  p roduc ts  as  they  leave  
the  i n t e s t i n e  must be t r i e d .
As t h i s  promised, on account of th e  d iv e r s i t y  of 
op in ion , to  be a r a th e r  f r u i t f u l  f i e l d  f o r  work in  co n junc tion  
w ith  Dr J .B . L ea thes of the L i s t e r  I n s t i t u t e ,  London, I a t tem p t­
ed to  g e t some f u r th e r  in fo rm ation  on t h i s  im portan t s u b je c t .  
(F u l l  paper a t  end of T h e s is ) .
In  th e  f i r s t  p lace  we a t tem p ted  to  re p e a t  the  work 
o f  S a lv io l i  (3) c a r r i e d  out in  Ludwig's l a b o ra to ry  in  1880 on 
whose a u th o r i t y  the  th e o ry , t h a t  p r o te in  i s  absorbed as peptones 
and t h a t  a f t e r  ab s o rp t io n  th ese  a re  co n v erted  by the  c e l l s  of 
th e  i n t e s t i n a l  mucous membrane in to  coaguable p ro te in s ,  mainly 
r e s t s .  In  the  o r ig in a l  experim ents only a  sm all p iece  of 
i n t e s t i n e  was exc ised  and p e rfu sed  w ith  a m ix ture  o f  c a l f ' s
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blood and normal s a l in e  s o lu t io n .  In to  t h i s  loop of i n t e s t i n e  
a  s o lu t io n  of W i t te 's  peptone was p u t ,  and th e  p e r fu s io n  c a r r i e d  
on f o r  s e v e ra l  hours . At th e  end of the  experim ent th e  i n t e s ­
t i n a l  c o n te n ts  were examined but no peptone cou ld  be found 
e i t h e r  th e re  o r  in  the  blood used f o r  the p e r fu s io n .
Our f i r s t  experim ents only  d i f f e r e d  from those of 
S a l v i o l i  in  th a t  we used a much g r e a t e r  le n g th  of  i n t e s t i n e .
We too found t h a t  peptone d isap p ea red  from the  i n t e s t i n e  as 
su c h ,y e t  no dem onstrable a b so rp tio n  o f  n itrogenous  substances 
took p la c e .  The p e r fu s io n  of the  i n t e s t i n e ,  even when u n d i lu ­
te d  blood of an animal of th e  same sp e c ie s  as  th a t  from which 
th e  i n t e s t i n e  used came, f a i l s  to  keep the  mucous membrane 
a l i v e .  We found th a t  the  mucous membrane in  many cases  had 
alm ost com pletely  desquamated. No a b s o rp t io n ,  as  has rep e a te d ly  
been shewn, can take  p lace  when the  i n t e s t i n a l  mucous membrane 
i s  in  any way in ju re d .  We b e l ie v e  t h a t  the co n c lu s io n s  drawn 
from S a l v i o l i ' s  work a re  q u i te  unw arranted. The peptone could  
not be d e te c te d  in  the  loop of i n t e s t i n e  not because i t  was 
absorbed but because i t  was s t i l l  f u r th e r  decomposed in to  
s im p le r  bodies - the  amino a c id s  e tc  - under the  in f lu en ce  of 
the  ferment e re p s in .  Cohnheim the d is c o v e re r  of the  ferment 
in  q u e s t io n  has shewn th a t  i t  has the  power to  convert p ro teo ses  
and peptones ra p id ly  in to  s im pler  p ro d u c ts .  As t h i s  ferment 
i s  p re se n t  in  l a r g e s t  amount w ith in  th e  c e l l s  o f  the mucous
membrane th e  Wkuw: desquamation which took p lace  a c tu a l ly  
a id ed  i t s  a t ta c k .
As the  r e s u l t s  here  were so u n s a t i s f a c to r y  we aban­
doned the  p e r fu s io n  method. The method which we f i n a l l y  adop­
te d  and which gave us very  s a t i s f a c t o r y  r e s u l t s ,  was to  leave  
th e  i n t e s t i n e  in  s i t u  w ith  c i r c u l a t i o n  com plete. The i n t e s t i n e  
we converted  in to  a huge loop ( th e  whole small i n t e s t i n e  was 
employed as a ru le )  by l i g a tu r in g  i t  o f f  a t  the  upper and lower 
ends and connecting  tubes w ith  the  two ends o f  th e  in te rv e n in g  
p a r t .  Through the upper tube we ad m in is te red  th e  peptone so lu ­
t i o n  or o th e r  f l u i d  as re q u ire d ,  th e  lower tube served as  a 
ven t f o r  the  escape of  gas and to  perm it o f  p e r i s t a l t i c  move­
ment. To in v e s t ig a te  the q u es tio n  of ab so rp tio n  the  blood was 
examined, a sample being drawn o f f  befo re  the  experim ent, and 
an o th e r  a t  the  end. This blood was examined as  regards  the t o ta l  
n i t ro g e n  p re se n t  and f o r  n o n -p re c ip i ta b le  (by Tannic acid) 
n i t ro g e n .  In  the  m a jo r i ty  of the  experim ents we t# ie d  cannulae 
in to  the  u r e te r s  and the  u r in e  thus  o b ta in ed  served  fo r  the 
purposes o f  a n a ly s i s .  The r e s u l t  o f  our s e r i e s  o f  experiments 
was to  show t h a t ,  q u i te  independent of the  n a tu re  of the  n i t r o ­
genous s o lu t io n  put in to  th e  i n t e s t i n e ,  the  n itrogenous sub­
s ta n c e s  in  the  blood not p r e c i p i t a t e d  by ta n n ic  a c id  were de­
f i n i t e l y  in c reased  in  amount.
Our next a t te m p ts  was to  i d e n t i f y  th e  n itrogenous
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su b s tan ces  in  th e  blood which were in c re a se d  during  a b so rp tio n .  
As from the  work o f  Nencki, Lang, Jacoby and o th e rs  i t  was to  
be expected th a t  ammonia would c o n t r ib u te  l a r g e ly  to  t h i s  in ­
c re a s e .  Such however was not the  case  as we were ab le  to  
account f o r  only about 4^ of the  n o n -p re c ip i ta b le  n i t ro g e n  by 
means of th e  amount of ammonia we found.
We next tu rn ed  to  u rea  as a p o s s ib le  source of the  
in c re a s e  noted. Our r e s u l t s  shewed t h a t  u rea  accounted fo r  
alm ost one h a l f  of th e  in c re a se  o f  n i t ro g e n  not p r e c ip i t a t e d  
by ta n n ic  a c id .
We then  c a lc u la te d  the  r a t i o  between the  in c re ase  of 
th e  n o n -p re c ip i ta b le  n i t ro g e n  in  th e  blood and th e  t o t a l  amount 
of n i t ro g e n  which we knew to  have been absorbed from th e  i n t e s ­
t i n e  and found on the average th a t  about one seven th  of the  
n i t ro g e n  absorbed could be accounted  fo r  in  t h i s  way. As to  the  
f a t e  of the  r e s t  of th e  absorbed n i t ro g e n  we cou ld  o b ta in  very 
l i t t l e  in fo rm ation . We thought th a t  i t  might to  a c e r t a in  ex­
t e n t  be s to re d  in  the  l i v e r  and a c co rd in g ly  c a r r i e d  out some 
a n a ly s i s  on t h i s  organ w ith , however, but poor r e s u l t .  We 
found, i t  i s  t r u e ,  a sm all ga in  a f t e r  a b so rp t io n ,  but a t  the 
very  b e s t  t h i s  d id  not amount to  more than  15X o f  th e  absorbed 
n i t ro g e n ,  i . e . ,  about an equal amount to  th a t  found in  the blood.
As I a lre a d y  s t a t e d  in  some in s ta n c e s  an examination 
o f  th e  u r in e  during  th e  course  of ab so rp tio n  was made. The
11
f ig u re s  we ob ta ined  shewed t h a t ,  when th e  ab so rp tio n  was a c t i v e ­
ly  going on, th e re  was a g re a t  in c re a se  in  the  u r in a ry  n i t r o ­
gen. Taking the  f ig u re s  thus o b ta ined  in to  account we were 
ab le  in  one case a t  l e a s t  to  t r a c e  over 70X of th e  absorbed 
n i t ro g e n .  That, we were j u s t i f i e d  in  ta k in g  th e  u r in a ry  n i t ro g e n  
in to  account i s  shewn by th e  work o f  Nencki & Z a le sk i  (4) and 
o th e rs  who have dem onstrated  th a t  during  a b so rp tio n  th e re  i s  a 
g r e a t  r i s e  in  th e  ammonia co n ten t o f  the  p o r ta l  blood. This 
ammonia as  we know i s  conveyed to  th e  l i v e r  and th e re  converted  
in to  u rea  and immediately ex c re ted  by the  k idneys.
Of course our f a i l u r e  to  recover th e  whole of the  
absorbed n i tro g en  might be h e ld  to  be due, as  some workers do 
h o ld , to  a r e s y n th e s is  of th e  absorbed product in  the  c e l l s  of 
the  i n t e s t i n a l  mucous membrane, w ith  the  r e s u l t  th a t  the absorb­
ed p roduc ts  would reach  th e  bJood in  a coagu lab le  form. We, 
however, were never ab le  to  o b ta in  the  s l i g h t e s t  p roof of such 
a s y n th e s is ,  a s  e s tim a ted  by an in c re a se  of the  t o t a l  n i tro g e n ,  
having taken  p la ce . F u r th e r  co n firm a tio n  of t h i s  b e l i e f  was 
o b ta in ed  by th e  haemaglobinometric exam inations before  and 
a f t e r  a b so rp tio n .
We in c l in e  to  the  b e l i e f  th a t  only a minimal amount, 
such an amount of n i t ro g e n  as  i s  re q u ire d  to  supply the  a c tu a l  
n i tro g e n  requirem ents of  the  t i s s u e s ,  reaches the  systemic 
blood. The r e s t  of the  p r o te in  lo s e s  i t s  n i t ro g e n  and reaches
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th e  t i s s u e s  in  non-n itrogenous com bination, probably  la rg e ly  
as members of th e  f a t t y  a c id  s e r i e s ,  and not in  the  form of a 
r e s y n th e s is e d  coagu lab le  p ro te in .  We a ttem pted  to  t r a c e  t h i s  
non-n itrogenous m a te r ia l ,  but the  r e s u l t s ,  owing to  the  poverty  
of r e l i a b l e  a n a ly t i c a l  methods in  t h i s  p a r t i c u l a r  f i e l d ,  were 
too  i r r e g u l a r  to  enable us to  draw any d e f i n i t e  co n c lu s io n s .
A p o in t  in  favour of our c o n te n tio n  th a t  the  p r o te in  
i s  reduced to  com parative ly  simple bodies befo re  ab so rp tio n  is  
found in  th e  work of Loewi (5) who d isco v ered  th a t  th e  p roducts  
o f  p a n c re a t ic  d ig e s t io n  in  v i t r o  could  se rv e , when given w ith  a 
s u f f i c ie n c y  of ca rbohydra tes  and f a t s ,  a s  sou rces  of p r o te in  
food supply. Another p o in t  in  our favour l i e s  in  the  work of 
Abderhalden and Samuely and the s e l e c t iv e  a c t io n  of the t i s s u e  
C e l ls  a l re a d y  r e f e r r e d  to  in  P a r t  I of t h i s  T hesis .
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I I I .
PURIN METABOLISM
The su b je c t  o f  P u rin  Metabolism has always been one 
o f  g re a t  i n t e r e s t ,  but t h i s  i n t e r e s t  has g r e a t ly  in c reased  
in  rece n t y ea rs  s ince  i t  has been shewn by Burian and Schur
( l )  t h a t  th e re  are  two q u ite  independent sources  of supply of 
th e  u r in a r y  u r i c  a c id .
The ou tput due to  one o f  the sou rces , th e  food supply, 
v a r ie s  g r e a t ly  w ith the n a tu re  of the  food and the amount of 
th e  p rec u rso rs  o f  u r i c  ac id  which i t  c o n ta in s ,  whereas the  o u t­
put from the o th e r  source , th e  t i s s u e s  them selves, i s  s ta te d  
to  be p r a c t i c a l l y  c o n s ta n t .  That from the  food i s  sa id  to  be 
exogenous in  o r ig in  and th a t  from the  t i s s u e s  endogenous. I t  is , 
o f  co u rse , only the endogenous p u rin  metabolism  which i s  of 
r e a l  i n t e r e s t .  From what t i s s u e s  and in  what form does u r ic  
a c id  a r is e ?  This ques tion  has caused much d eb a te .  The m ater­
i a l s  from which u r i c  ac id  can be der iv ed  o u ts id e  the body and 
which, when fed , give r i s e  to  an in c re ased  ou tput in  th e  u r in e  
a re  the  n u c le o -p ro te in s .  Does then  u r i c  ac id  norm ally a r i s e  in  
th e  t i s s u e s  d i r e c t l y  from the  n u c leo -p ro te in s?  Burian and 
Schur, who have c a r r ie d  out many la b o r io u s  experiments, are in ­
c l in e d  to  th in k  n o t .
W hilst ca rry in g  out my experim ents on s ta rv a t io n
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I  had an unique o p p o r tu n ity  o f  in v e s t ig a t in g  t h i s  very ques tion , 
as  here  any u r i c  ac id  which might be ex c re ted  must be s o le ly  
endogenous in  o r ig in  (See r e p r in t  "Uber d ie  Zusammensetzung 
des H ungerharns”a t end of th e s i s )
Burian and Schur in  t h e i r  papers  ques tion  whether 
th e  r e s u l t s  ob ta ined  during  s ta rv a t io n  can be adm itted  as 
evidence on t h i s  q u es tio n . They however drew a l l  t h e i r  con­
c lu s io n s  on t h i s  po in t from work done p rev ious  to  t h e i r  paper, 
bo th  by o ld  and modem methods o f  a n a ly s i s .  They d id  not 
a ttem pt to  c a rry  out any in v e s t ig a t io n s  o f  t h e i r  own along t h i s  
l i n e .  They in  one of  t h e i r  papers , admit th a t  th e  r e s u l t s  
ob ta ined  from the  in v e s t ig a t io n s  of the  amount of  pu rin  m a te r ia l  
ex c re ted  during s ta r v a t io n ,  show th a t  a t  one tim e the e x c re t io n  
may exceed the endogenous p u r in  o u tp u t,  when the su b jec t  of the 
experiment i s  kept on a p u rin  f re e  d ie t  under normal co n d i t io n s ,  
and a t ano ther the  amount ex c re ted  may f a l l  sho rt o f  the  normal 
endogenous amount. They make no attem pt to  re c o n c i le  in  any 
way th e se  markedly d isc re p a n t  o b se rv a t io n s .  P o lin  (2) in  
d is c u s s in g  the  output o f  p u r in s  in  h i s  paper on th e  laws which 
govern th e  composition o f  the u r in e ,  during feed ing  w ith  a 
n i t ro g e n  r i c h  and a n i t ro g e n  f re e  p u r in  f r e e  d i e t ,  comes to  th e  
conc lusion  th a t  i t  must be h e ld  to  be extrem ely questionab le  
whether a l l  the pu rin  e l im in a te d ,  even under normal co n d i t io n s ,  
o r ig in a t e s  in  th e  break down of l i v in g  t i s s u e  protoplasm .
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Although he admits th a t  p a r t  o f  the  p u r in  ex c re ted  most c e r t a i n ­
ly  a r i s e s  from the  break down o f  protoplasm  he does not o f f e r  
any very d e f i n i t e  op in ion  as to  th e  s i t e  o f  o r ig in  o f  the r e s t  
o f  th e  p u r in  e x c re te d .  He m erely a s s e r t s  th a t  the  m etabo lic  
p ro cesses  which determ ine the p u r in  ou tput may be regarded as 
being in  a r e l a t i v e l y  u n s ta b le  e q u i l ib r iu m . H is experim ents 
show th a t  the u r i c  ac id  e l im in a t io n  i s  reduced when the  t o t a l  
n i t r o g e n  e l im in a t io n  i s  very much d im in ished .
As to  the  e x p la n a t io n  o f  th e  r e s u l t s  which I  ob ta ined  
in  my In v e s t ig a t io n .  In  a paper pub lish ed  se v e ra l  y ea rs  ago 
Nemser (3) s t a t e s  th a t  th e  p o r t io n  o f  th e  c e l l  which r e s i s t s  
lo n g e s t  d i s i n t e g r a t io n  during  s t a r v a t io n  i s  the  n u c le in  p a r t .
We may th u s ,  i f  Nemser’s r e s u l t s  be a c c u ra te ,  ex p la in  how as  
the  f a s t  p ro g re sses  th e re  i s  a r i s e  in  the  ou tput o f  p u r in  sub­
s ta n c e s  such as I  observed in  my s u b je c t .  I t  would appear then , 
and t h i s  i s  borne out by my f ig u re s  o b ta in ed  during  th e  p re ­
f a s t  p e r io d  when the man was on a n i t ro g e n  r i c h  but p u r in  f re e  
d i e t ,  and a lso  by the  r e s u l t s  o f  K ir s c h fe ld  (4) Burian and 
Schur and o th e r s ,  th a t  although the  endogenous u r in a ry  p u r in  
o u tp u t , i s  more or l e s s  co n s ta n t  f o r  a g iven  in d iv id u a l ,  t h i s  
s ta tem en t only ho lds  good when the  su b je c t  o f  the  experiment i s  
kept under o rd in a ry  d ie ta r y  c o n d i t io n s .  Here i t  would appear, 
acco rd ing  to  Burian and o th e r s ,  th a t  th e  b reak  down o f  u r in a ry  
p u r in  g iv ing  substance i s  very s teady  but t h i s  does not seem to
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ho ld  du ring  the  course o f  s t a r v a t io n .  In  s t a rv a t io n  th e  body i s  
dependent on i t s  own t i s s u e s  t o  supply the  e s s e n t i a l  m a te r ia l s  
to  c a r ry  on the v a r io u s  p ro cesses  n ecessary  f o r  l i f e .  I t  would 
seem th a t  the  t i s s u e s  to  be u t i l i s e d  f i r s t  a re  those  of l e a s t  
v a lu e , those  of g r e a te r  importance being p rese rved  as  long as 
p o s s ib le .  During the e a r ly  days of f a s t i n g  the t i s s u e s  which 
s u f f e r  most are  those  which co n ta in  l i t t l e  or none o f  the  m a te r­
i a l s  which g ive  r i s e  t o  p u r in ,  the  g en e ra l  protoplasm  o f  the 
c e l l s ,p r o b a b ly  m ostly  of muscle t i s s u e , i s  a t ta c k e d  leav in g  the 
v a lu ab le  n u c le in  p a r t ,  i . e .  the  p a r t  concerned in  rep roductive  
a c t i v i t i e s  i n t a c t .  As th e  p e r io d  o f  s t a r v a t io n  leng thens  out 
t h i s  m a te r ia l  can no longer  be so f r e e ly  o b ta in ed , as i s  shewn 
in  the  d im inution  in  the t o t a l  n i t ro g e n  o u tp u t .  Accompanying 
t h i s  f a l l  in  t o t a l  n i t ro g e n  th e re  i s  a r i s e  in  the  amount of 
p u r in  e x c re te d .  I have in te r p r e t e d  t h i s  phenomenon as meaning 
t h a t  the body has now commenced to  draw upon i t s  more valuab le  
p re se rv e s ,  the n u c le in s ,  which c o n ta in  in  l a r g e s t  amount the pre­
c u rso rs  o f  th e  p u r in  b o d ie s .  Burian  and Schur hold  th a t  the 
Hypoxanthin - a mon-oxypurin - of the  muscle t i s s u e  i s  the most 
im portant source of u r in a ry  p u r in .  I t  may w ell be then  th a t  
t h i s  i s  the  so le  or  c h ie f  source of supply du ring  the  e a r ly  days 
o f  th e  f a s t  but as the  period  of s t a r v a t io n  leng thens  o th e r  
so u rces ,  more complex in  n a tu re ,  must be drawn upon.
In  th e  fo llow ing  ta b le  I  have a ttem pted  to  c a lc u la te
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th e  amount of  endogenous p u r in  which might have been expected 
from the amount of  p ro te in  broken down, as evidenced by the 
ou tpu t o f  t o t a l  n i t r o g e n .  The p u r in  con ten t was c a lc u la te d  
from d a ta  ob ta ined  by Burian and Schur. As in  a d d i t io n  to  
m usc le^g landu la r  m a te r ia l  r i c h  in  n u c l e in s ,a lso  breaks do^m 
during  s ta rv a t io n ^  I have g iven an in c re ase d  th e o r e t i c a l  
y i e ld  in  a second column.
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From, th ese  f ig u re s  i t  w i l l  be seen th a t  th e re  i s  a 
s tead y  decrease  in  the p o ss ib le  supply of p u r in  n i t ro g e n  c a l ­
c u la te d  from the  hypoxanthin source whereas a c tu a l ly  th e re  i s  
found to  be a s teady  r i s e  in  th e  amount e x c re te d .  I  th e re fo re  
i n f e r  th a t  t i s s u e s  o r  p a r t s  o f  t i s s u e s  - probably  the  n u c le in
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p a r t s  - r i c h  in  the  mother bodies of th e  endogenous u r in a ry  
p u r in s  are  being u t i l i s e d .
In  co n junc tion  w ith  Dr Leath^ I  in v e s t ig a te d  ano ther 
phase o f  the metabolism of the  p u r in s  (u r ic  ac id) and th a t  was 
on th e  r e l a t i o n  between the output of u r i c  ac id  and the  r a te  of 
h ea t  p roduc tion  in  the  body. (See r e p r in t  a t  end of th e s i s )
In  t h i s  in v e s t ig a t io n  the experim ents were designed to  show 
how the  r e a c t io n  of the  body to  lo s s  o f  hea t  on the  one hand, 
and the  hea t  produced by o rd in a ry  m uscular e x e r t io n s  on the 
o th e r ,  might a f f e c t  the  amount of u r i c  ac id  in  the u r in e .
In  the  course of  the  experiment one of us was put on a pu rin  
f r e e  d ie t  and then  an experiment in  which the su b jec t  was ex­
posed in  such a co n d i t io n  ( s t r ip p e d  a t  a swimming bath) th a t  
t h e re  would be g rea t  hea t lo s s  was c a r r ie d  o u t .  This experiment 
a few days l a t e r  was aga in  rep ea ted  but in  a d d i t io n  a c t iv e  
m uscular e x e r t io n s  were in tro d u ce d . Another experiment was 
c a r r i e d  out in  which the  su b jec t  performed again  severe muscular 
e x e r t io n s  but t h i s  time h e a v i ly  c lo th ed  and f i n a l l y  s t i l l  
an o th e r  experiment was c a r r ie d  out under th e  same c o n d i t io n s  as 
the  f i r s t .
The r e s u l t s  o f  our experim ents po in t to  the in fe rence  
t h a t  a t l e a s t  one of the f a c to r s  l a rg e ly  concerned with the p ro­
d u c tio n  o f  u r i c  ac id  in  the body and i t s  appearance in  the 
u r in e  i s  the  r e a c t io n  o f  the  body to  the lo s s  of  h e a t ,  and
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f u r t h e r  th a t  t h i s  r e a c t io n  invo lves  some f o m  of a c t i v i t y  o th e r  
th an  v o lu n ta ry  movements of the  m usc les .
A f u r th e r  s e r i e s  of experim ents which I  have c a r r ie d  
out in  co n ju n c tio n  w ith  Dr S te e l  (Glasgow) and which are  not 
y e t  p u b lish ed  would seem to  p o in t to  the  f a c t  th a t  v a r ia t io n s  
in  the  ou tput of u r i c  ac id  a f t e r  severe  v o lu n ta ry  muscular 
e x e r t io n s  depends to  some ex ten t on the c o n d i t io n s  under which 
th e  m uscular e x e rc ise  i s  ta k e n .  In  our experim ents hard  ex e r­
c i s e  was a t  one time taken  in  the  open F iv es  Court and at 
an o th e r  in  the  ho t room (37^ C) of th e  P h y s io lo g ic a l  L aboratory  
w ith  bo th  the doors and the  v e n t i l a t o r  t i g h t l y  c lo sed , with the  
r e s u l t  th a t  under the c o n d it io n s  of  the  f i r s t  experiment the  
fi&e in  u r i c  ac id  output was ftVe felld marked.
l i t e r a t u r e
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IV,
ORBATINB and CREATININE METABOLISM
The p h y s io lo g ic a l  h i s t o r y  o f  th e se  bod ies  i s  as  y e t  
unknown. C re a t in in e  i s  a co n s tan t c o n s t i tu e n t  o f  the  u r in e  and 
a f t e r  u re a  and ammonia i t  forms th e  most abundant n itrogenous  
body th e re  p r e s e n t .  C rea tin e  however under normal c o n d it io n s  
i s  never  found in  the  u r in e  but in  c e r t a in  p a th o lo g ic a l  s t a t e s ,  
e s p e c i a l ly  where th e re  i s  a p p a re n tly  a la rg e  b reak  down of 
muscle t i s s u e  as in  cancer ( p a r t i c u l a r l y  in  h e p a t ic  carcinoma 
accord ing  to  E. Mellanby) i t  i s  c o n s ta n t ly  p resen t in  f a i r  
amount. C rea tin e  i s  a co ns tan t and probably  the most im portant 
n itro g en o u s  e x t r a c t iv e  body p resen t in  muscle and th e  in fe ren c e ,  
a  p e r f e c t ly  f a i r  and w arranted  one, has  been drawn th a t  the 
c r e a t in in e  o f  the  u r in e  i s  de r iv ed  from t h i s  c r e a t i n e .  Chemical­
l y  the  two bod ies  are  very c lo s e ly  a l l i e d ,  th e  only d i f fe re n c e  
being th a t  C rea tin e  co n ta in s  a molecule of w ater more than 
C re a t in in e .
From the  work of F o l in  (1) i t  may be taken  th a t  th e
C re a t in in e  ex c re ted  re p re s e n ts  an end product in  the  metabolism
o f  l iv i n g  t i s s u e s  as i t  i s  found th a t  when an exam ination i s
made under cons tan t c o n d i t io n s  th e  ou tput o f  C rea t in in e  i s  q u i te ^
o f  th e  q u a n t i ty  o f  p ro te in  consumed. I f  we take  i t  t h a t  C re a t in e  
i s  th e  p re cu rso r  o f  C rea t in in e  an o th e r  experiment o f  Folin* s (2)
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i s  r a th e r  a n t a g o n i s t i c .  He found th a t  i f  C rea tin e  was fed  to  
a person on a co n s tan t d i e t ,  in  not too  la rg e  amountq, th e re  
was no in c re a se  in  the  u r in e  e i t h e r  of C re a t in in e  o r  C rea tin e  
i t s e l f ,  but i f  l a r g e r  doses were g iven  c r e a t in e  appeared but 
w ithout any in c re a se  in  the  amount of  c r e a t i n i n e .  On th e  o th e r  
hand when he fed  c r e a t in in e  the  c r e a t in in e  can be again  r e ­
covered from the  u r in e .  He th e r e fo r e  concludes th a t  muscle 
c r e a t in e  cannot be j u s t i f i a b l y  regarded  as  a p re c u rso r  of 
c r e a t in in e  •
During my study of the u r in e  du ring  s ta rv a t io n  (See 
r e p r in t  Hungerharn) I  d iscovered  th a t  during  the  course of the 
f a s t  the  output of c r e a t in in e  s t e a d i l y  f e l l  and th a t  c r e a t in e ,  
which was not p resen t befo re  the  f a s t  except in  minute amount 
rose  in  amount ex c re ted  as the  f a s t  p ro g re ssed . This ob se r­
v a t io n  has been aga in  r e c e n t ly  made both  by Benedict and F o l in
(3) in  the  case of  s ta rv in g  people and in  s ta rv in g  r a b b i t s  by 
D om er (4) .
The amounts of  c r e a t in e  which Benedict found agree 
f a i r l y  well w ith my r e s u l t s ,  the  output in  h i s  case varying 
from 0 .03  to  0.16 grm whereas in  mine i t  v a r ie d  from 0.02 to  
0,17 grm. In  B ened ic ts  case as in  mine th e  output of preformed 
c r e a t in in e  f e l l .  On the resum ption of feed in g  w ith  a m ilk  d ie t  
th e  c r e a t in in e  Increased  in  amount but aga in  as in  my case i t  
d id  not reach  the  le v e l  i t  s tood a t  befo re  the f a s t  began.
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C rea tin e  was s t i l l  found although, in  email amount a f t e r  the 
feed ing  s t a r t e d ,  i t  was a lso  p resen t in  j u s t  such small amount 
in  th e  s ta r v a t io n  experiment du ring  the  p r e f a s t  period# In  
bo th  cases  a lthough  the  d i e t s  p rev ious  to  the  f a s t  were in  
every way ample f o r  th e  b o d ily  requirem ents  y e t  in  n e i th e r  were 
th e y  the  o rd in a ry  every day mixed d ie ts #
In  one of h i s  papers Benedict says "As po in ted  out 
in  a d is c u s s io n  of the  c r e a t in e  d e te rm in a t io n s  on f a s t i n g  men 
th e  c r e a t in e  e x c re t io n  during  f a s t i n g  appears t o  be th e  r e s u l t  
o f  the  d i s i n t e g r a t io n  of  f l e s h ,  and the  h y p o th es is  was th e re  
advanced th a t  as the  f l e s h  was k a ta b o l iz e d  o r  broken down the  
c r e a t in e  which e x is te d  in  the  f l e s h  as such was ex c re ted  by 
th e  body as such and not converted  to  c r e a t i n i n e .  According to  
t h i s  h y p o th e s is ,  th e re fo r e  the  c r e a t in e  and the  c re a t in in e  of 
th e  u r in e  have two e n t i r e l y  d i s t i n c t  o r i g i n s . " ,
I n  ano ther  paper Benedict (5) shows th a t  the output 
o f  c r e a t in e  in  c e r t a i n  p a th o lo g ic a l  s t a t e s  i s  more or l e s s  a 
co n s tan t f e a t u r e .  ## th e  experim enta l evidence up to  th e  p re ­
sen t i s  too  small ye t to  make a g en e ra l  s ta tem ent but as  Benedict 
sa y s ,  such in fo rm ation  as  has been o b ta ined  would r a th e r  po in t 
to  c r e a t in e  being ex c re ted  in  wasting d is e a s e s ,  i . e .  where 
f l e s h  i s  b reak ing  down.
A review of B e n e d ic t 's  cases  on which the  o b se rv a tio n s  
on c r e a t in e  output were made, shows th a t  a f a i r  p ro p o rtio n  are
23
no ted  as under nourished  but w ith  one ex cep tio n  no d e t a i l s  of 
t h e i r  d i e t s  a re  g iven except th a t  i t  was bo th  c r e a t in e  and 
c r e a t in in e  f r e e .  Benedict had of course the  work of F o l in  to  
go on as a b a s i s  f o r  h i s  theo ry  th a t  the c r e a t in e  a r i s in g  from 
th e  b reak  down o f  f l e s h  i s  ex c re ted  as such and not converted  
in to  c r e a t i n i n e .  F o l in ,  as a l re a d y  m entioned, found th a t  the  
a d m in is t r a t io n  of c r e a t in e  by the  mouth d id  not give r i s e  to  
any in c re a se  of u r in a ry  c r e a t in in e ,  but i t  must be remembered 
th a t  P o l in  was q u ite  unable to  recover  any c r e a t in e  u n le s s  he 
gave very la rg e  d o ses . P o l in  th e re fo r e  imagined th a t  c r e a t in e  
tak en  in to  the  body in  the  food had some p a r t i c u l a r  ro le  to  
p lay  in  the t i s s u e s  as a very h ig h ly  s p e c ia l i s e d  food s t u f f ,  
which served to  m a in ta in  the  n i t ro g e n  e q u i l ib r iu m  in  the l iv in g  
t i s s u e s .  Another reason  f o r  the  non appearance of the  c r e a t in e  
e i t h e r  as  c r e a t in e  or c r e a t in in e  in  the  u r in e  may e x i s t  and 
th a t  i s  th a t  the  c r e a t in e  ad m in is te red , u n le s s  in  very la rg e  
dose, never leav es  th e  lumen of the  i n t e s t i n e .  The mere f a c t  
t h a t  when given in  la rg e  doses c r e a t in e  appears in  the u r in e  
shows th a t  i t  can be absorbed. Mr Mellanby of Cambridge has 
informed roe th a t  he has s a t i s f a c t o r y  evidence th a t  c re a t in e  i s  
^readily des troyed  by b a c t e r i a l  a c t io n  but th a t  such i s  not the 
case w ith  c r e a t in in e .  Here th e n ,  in  a l l  p r o b a b i l i ty ,  l i e s  
th e  e x p la n a t io n  of P o l i n ' s  r e s u l t s  th a t  the  c r e a t in e  g iven was 
lost t r a c e  o f  whereas i f  c r e a t in in e  be g iven  i t  appeared aga in
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in  the  u r in e .  T h is  f a c t  of course dec ided ly  weakens the  case 
a g a in s t  the  o rd in ary  assumption th a t  from muscle c re a t in e  the 
u r in a ry  c r e a t in in e  ta k e s  o r ig in .
The n a tu re  of the  food would appear to  play some 
p a r t  in  the  u t i l i s a t i o n  of th e  c r e a t i n e .  P o l in  shewed, when 
working a t  th e  in v e s t ig a t io n  d e a l t  w ith above, th a t  on a n i t r o ­
gen ÿOQT d i e t  -  the  s ta rc h  and cream d ie t  - th e re  was a g r e a te r  
r e te n t io n  of fed  c r e a t in e  than  on a n i t ro g e n  r i c h  d i e t .  % 
not th in k  th a t  the  s t r e s s  should be l a id  on th e  r e l a t i v e  con ten t 
i n  n i t ro g e n ,  but in  the  l ig h t  o f  Mellanby*s ob se rv a tio n  a t t e n ­
t i o n  should be d i r e c te d  as to  which d ie t  would form the most 
s u i t a b le  medium fo r  b a c t e r i a l  growth. May i t  not be however in  
the  Various cases  examined by Benedict and o th e r s ,  and c e r t a in ly  
during  s ta r v a t io n ,  th a t  some e s s e n t i a l  substance i s  absent or 
p re se n t  in  in s u f f i c i e n t  amount in  the  d ie t  to  b ring  about th e  
convers ion  o f  c r e a t in e  to  c re a t in in e ?  P o l in  in  h i s  o r ig in a l  
paper has  po in ted  out th a t  normal persons fed  on a normal d ie t  
e l im in a te  c r e a t in in e  but no c r e a t in e .  I s  i t  not p o ss ib le  th a t  
th e  normal conversion  of c r e a t in e  to  c r e a t in in e  may be somewhat 
analogous to  the  c o n d it io n s  under which the  u t i l i s a t i o n  of the 
decom position p roducts  of p ro te in s  by the  body t i s s u e s  tak es  
p lace?  Luthje  (6) has r e c e n t ly  po in ted  out th a t  before  these  
decom position p roducts  can be u t i l i s e d  by the  body and so r e ­
p lace  "whole” p ro te in ,  carbohydra tes  must be p resen t in  s u f f i c -
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l e n t  amount. Again re fe ren ce  may be once more made to  the work 
o f  B ay lise  and S ta r l in g  and of Hopkins on the  s e le c t iv e  a c t io n  
o f  th e  t i s s u e s  and the  apparent n e c e s s i ty  of c e r t a in  very 
s p e c ia l  m a te r ia l s  in  the  d ie t  (See S ec tio n  I  of t h i s  th e s i s )
The f a c t  th a t  the  c r e a t in e  output in  my case of 
s t a r v a t io n  f e l l  almost to  n i l  and the  c r e a t in in e  output rose 
when th e  d i e t ,  a lthough i t  was only the  s ta r c h  and cream d i e t ,  
was resumed - a d ie t  which may have con ta ined  th e  " e s s e n t ia l"  
substance in  i n s u f f i c i e n t  amount - lends an a i r  of p ro b a b i l i ty  
t o  the above view.
At p resen t in  co n ju n c tio n  w ith Dr T . Graham Brown 
I  am a ttem p tin g  to  o b ta in  f u r t h e r  f a c t s  b ea rin g  on the theo ry  
t h a t  some a r t i c l e  o f  d ie t  p lays  an im portant p a r t  in  the  con­
v e rs io n  o f  c r e a t in e  in to  c r e a t i n i n e .  Our r e s u l t s ,  so f a r  as  they 
go, d i s t i n c t l y  favour such a th e o ry .  We have been able  to  
in f lu e n c e  th e  c r e a t in e  con ten t o f  f r o g 's  muscles by ex e rc is in g  
them but so f a r  we have been unable to  d e f i n i t e l y  determine 
t h a t  the  body formed from the  c r e a t in e  i s  c r e a t in in e  a lthough, 
from c e r t a in  o b se rv a tio n s  we have made, we b e l ie v e  th a t  the 
In fe ren ce  may s a fe ly  be drawn. Prom p u re ly  t h e o r e t i c a l  con­
s id e r a t io n s  we have been led  to  the b e l i e f  th a t  here  again  i t  
may be th e  carbohydrate  moiety o f  the d ie t  which i s  the im port­
an t item . In  c e r t a in  of our experim ents we found th a t  when we 
lowered th e  amount of carbohydrate  s to re d  in  th e  body and then
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ex e rc i se d  the  v a r io u s  muscles t h a t  the  d im inut ion  in  the 
amount of  c r e a t in e  p resen t  in  the  muscle t i s s u e  was l e s s  than  
when th e  same experiment was performed when much carbohydrate 
was p r e s e n t .  In  o th e r  words i t  would seem t h a t  the presence 
o f  the  carbohydrate  le ad s  to  the  more ready conversion of the 
c r e a t i n e  in to  some body as ye t  unknown but which may tu rn  out 
t o  be c r e a t i n i n e .
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V.
aPFSCT of  STARVATION on tho NITR088N0US and NON- 
NITROGffllOUS METABOLISM as  in d ic a t a d  by tha composit ion 
o f  the URINE.
About a year ago I  had an e x c e l l e n t  oppor tun i ty  o f  
e tudying the e f f e c t  of  s t a r v a t i o n  on the output  of  the v a r io u s  
u r in a r y  c o n s t i t u e n t s  in  the case of  a p r o f e s s io n a l  s t a rv in g  man - 
Beaute - (See r e p r i n t  a t  and of  t h e s i s ) .  Many such obse rva t ions  
have been made in  the p a s t  but the p r e se n t  i n v e s t i g a t i o n  d i f f e r s  
from a l l  the p receding  in  t h a t  tha su b je c t  of tha experiment 
was fed  on a p u r in  f re e  s tandard  d i e t  dev ised  by P o l in ,  tha 
e f f e c t  of which on tha composition of  the u r in e  was known, fo r  
a week before  the a c tu a l  f a s t  began. This p e r io d  of  feed ing  
was followed by a f a s t ,  dur ing  which the su b je c t  was under 
s t r i c t  o b se rva t ion  n ig h t  and day, of two weeks d u ra t io n ,  and 
t h i s  i n  t u r n  was followed by another  weak on s tandard  d i e t .  In  
t h i s  way one was able to  judge how the metabolism of  the su b je c t  
before  tha  f a s t  compared with t h a t  of  normal peopjé and gave a t  
the same time r e s u l t s  with which those ob ta ined  during  tha f a s t  
could be compared. F i n a l l y  the pe r iod  of  feed in g  a t  the and of  
the f a s t  may be d iv ided  in to  two qu i te  d i s t i n c t  p a r t s  ( l )  whan 
the su b jec t  was on a so c a l l e d  n i t r o g e n  f r e e  d i e t  immediately 
fo l low ing  the c lose  of  the f a s t  and (2) the pe r iod  o f  a n i t r o ­
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gen r i c h  d i e t  which succeeded. This feed ing  a f t e r  the f a s t  
gave some very i n t e r e s t i n g  in fo rm ation  as to  the e f f e c t  of  food 
on the s t a rv in g  t i s s u e s  of the body.
As reg a rd s  some of  the in fo rm at ion  obta ined from the 
i n v e s t i g a t i o n .  I t  was found th a t  dur ing  the course of tha 
f o r t n i g h t ' s  f a s t  t h a t  Beaute l o s t  7.83 k i l o s . o r  about 17 pounds. 
The most rap id  lo s s  of  weight took p lace  dur ing  the f i r s t  four  
or f iv e  days t h e r e a f t e r  the d a i l y  amount l o s t ,  f e l l  and remained 
f a i r l y  cons tan t  u n t i l  the end of the f a s t .  The amount l o s t  
eq u a l led  about 12^ o f  the o r i g i n a l  weight.  This  lo s s  was made 
up o f  about 9-g- lb s  o f  p r o t e i n  and about 7-J- lb s  o f  f a t  and c a r ­
bohydrate .
As rega rds  h i s  body measurements the re  was no very 
g r e a t  d im inu t ion ,  the g r e a t e s t  l o s s  was round the abdomen a t  
the l e v e l  of  the um bil icus .  During the course of  the f a s t  the 
muscular power of  the su b je c t  d id  not seem to s u f f e r  much a s ,  
on the  l a s t  day of  the f a s t ,  he c a r r i e d  two 25 k i l o  weights  
about 6 yards with  p e r f e c t  ease .
With re fe rence  to  the u r in a r y  c o n s t i t u t e n t s  as the 
u r i c  ac id  and the c r e a t in e  and c r e a t in in e  output  have a l ready  
been d e a l t  with (Sect ions  I I I  and IV) a t t e n t i o n  w i l l  be d i r e c te d  
to  the o th e r  important substances  p r e s e n t .
The t o t a l  n i t r o g e n  output f e l l  from 16.45 grams on 
the l a s t  day of  feeding to  7 .78 grams on the l a s t  day of  the
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f a s t .  On the f i r s t  day of the f a s t  the output f e l l  suddenly 
to  10.51 grams but  on the second day i t  rose aga in  to  14.38 grams* 
This r e s u l t  agrees  very c lo s e ly  with  P r a u s n i t z ' s  r e s u l t s  and 
h i s  th e o ry  th a t  the n i t r o g e n  waste du r ing  the e a r l y  hours of  
f a s t i n g  i s  p revented  to some e x te n t  by the body drawing upon 
i t s  s t o r e s  of  carbohydrate  m a te r i a l .  I t  i s  of  course very well  
known t h a t  the g iv ing  of carbohydrate  m a te r i a l  p reven ts  the 
waste o f  p r o t e in  t i s s u e ,  i t  i s  indeed one of  the c h ie f  fu n c t io n s  
o f  the carbohydra tes  to  a c t  as " p ro te in  sp a re r* " .  This p r o t e in  
spa r ing  power i s  p a r t i c u l a r l y  well exem pli f ied  during  the f i r s t  
th ree  days of  feeding  a f t e r  the f a s t  on a n i t r o g e n  free  d i e t  
but one r i c h  in  carbohydrate  m a t e r i a l .  Here the output of  n i t r o ­
gen f e l l  from the 7.78 grams of the l a s t  day of the f a s t  to  
2.84 grams on the t h i r d  day of feed ing .  When the n i t ro g e n  r i c h  
d i e t  was resumed, the same which before  the f a s t  caused an 
e x c re t io n  of  about 16.5 grams of  n i t r o g e n  d a i l y ,  the u r in a r y  
n i t r o g e n  rose in  amount but s t i l l  j u s t  to  about h a l f  of the 
pre f a s t  amount. In  o the r  words arl^normous r e t e n t i o n  of n i t r o ­
gen took place  in  order  to s a t i s f y  the demands of the t i s s u e s  
fo r  t h i s  m a te r i a l .  On the l a s t  day of the  experiment the n i t r o ­
gen ou tput  was s t i l l  low.
As u re a  i s  by f a r  the most abundant n i t rogenous  con­
s t i t u e n t  of  the u r in e  i t  followed as i s  only n a t u r a l ,  the l i n e  
of  the output of  t o t a l  n i t r o g e n .  As u re a  mostly  comes from the
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u t i l i s a t i o n  of  p r o t e in  t i s s u e  the r e s u l t  of  the n i t ro g en  f ree  
d i e t  a t  the c lose  of  the f a s t  i s  very s t r i k i n g  in  t h i s  connection. 
Urea formed 77^ o f  the t o t a l  n i t r o g e n  on the l a s t  day of  the 
f a s t  bu t  on the t h i r d  day of  feed ing  i t  only amounted to  62^ 
r i s i n g  immediately the n i t r o g e n  r i c h  d i e t  was s t a r t e d  to  the 
pre f a s t  f igiare.
The output of  ammonia a t  f i r s t  f e l l  during the per iod  
o f  s t a r v a t i o n  then  s t e a d i l y  rose u n t i l  the e ig h th  day when i t  
aga in  began slowly to  f a l l .  An at tempt was made to t r a c e  some 
connection between the v a r i a t i o n s  in  the output  of  ammonia and 
the output of the acetone and d i - a c e t i c  ac id  which were shown 
to  be p re sen t  throughout the f a s t .  As a ru le  the v a r i a t i o n s  in  
airenonia output can be t r a c e d  to  the formation  of d i f f e r e n t  ac ids  
in  the body which combine with  the amaronia and prevent  i t s  con­
v e r s io n  in to  u re a .
The undetermined n i t ro g e n  formed a f a i r  percentage 
o f  the t o t a l  n i t ro g e n  during  s t a r v a t i o n  but n o t ,  on the whole, 
more than  what i s  regarded as normal. As Brugsch has shewn the 
amino ac id s  do not account f o r  any very la rg e  p a r t  of t h i s  n i t r o ­
gen. The maxiiîïum output of  undetermined n i t r o g e n  fo r  the whole 
experiment was on the second day of  the n i t r o g e n  f ree  d i e t  a t
the c lose  of  the f a s t .
As regards  the output of  the ino rgan ic  c o n s t i tu e n t s
p rev ious  in v e s t ig a t io n s  were confirmed.
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The ex c re t io n  of  Chlorine was a b s o lu te ly  c h a r a c t e r i s t i c  
of  the  f a s t i n g  con d i t io n  i . e .  a s t e a d i l y  p rog ress ive  f a l l  in  the 
d a i l y  output t i l l  the end of  the f a s t .  With the resumption of  
feed ing  the  output rose s l i g h t l y  but not to  the pre f a s t  f i g u r e ,  
in  o th e r  words a marked r e t e n t i o n  took p lace  amounting to  be­
tween te n  and e leven  grams dur ing  the f i r s t  four  days of  feeding.  
During the f a s t  only about 66% of the Chlorine was exc re ted  as 
Sodium Chloride whereas before  the f a s t  about QOX of the Chlorine 
was in  t h i s  form.
As in  the case of  the Chlorine e x c re t io n  the output 
of  Phosphates f e l l  slowly but s t e a d i l y  r i g h t  to  the end of  the 
f a s t i n g  p e r io d .  Here again with the resumption of food a marked 
r e t e n t i o n  of  the phosphates took p la c e .  P a r t  of the phosphates 
ex c re ted  were demonstrated to have come from tne break down of 
t i s s u e  o th e r  than p r o t e in ,  in  a l l  p r o b a b i l i t y  from bone. This 
agrees  with the obse rva t ions  of  Munk and o th e r s .
With the e x c re t io n  of sulphur the same f a l l  was 
observed as in  the two p rev ious  ino rgan ic  c o n s t i t u t e n t s .  The 
sulphur  output followed very c lo s e ly  the output of  t o t a l  n i t r o ­
gen thus  agreeing with the sta tement t h a t  the sulphur excre ted  
dur ing  s t a r v a t io n  comes from the break down of p r o t e in  t i s s u e .
In  my i n v e s t i g a t i o n  the ino rgan ic  su lp h a te s ,  the e t h e r e a l  s u l ­
p h a te s  and the n e u t ra l  sulphur p re se n t  were a l l  e s t im a ted .  The 
most marked f a l l  took place  with the ino rgan ic  and e t h e r e a l
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su lp h a te s .  Viewed as percen tages  of the t o t a l  sulphur e x c re t io n  
i t  was found t h a t  the e t h e r e a l  su lp h a te s  remained p r a c t i c a l l y  
cons tan t  throughout the f a s t i n g  p e r io d .
A l im i te d  number of  e s t im a t io n s  of  the bases p re sen t  
in  the  u r in e  dur ing  the experiment were c a r r i e d  out fo r  me by 
Dr C.e.  P aw s i t t .  A f a l l  in  output of  a l l  dur ing  the f a s t  took 
p la c e .
F in a l l y  an a t tempt was made on th ree  of the f a s t i n g  
days to  get  some in s ig h t  in to  the d iu r n a l  v a r i a t i o n ,  i f  any, in  
the e x c re t io n  of va r ious  n i t rogenous  subs tances .  A c o n t ro l  
experiment was c a r r i e d  out on the s ix th  day a f t e r  the f a s t  when 
presumably cond i t io n s  were again p r a c t i c a l l y  normal.
Leathes has shewn th a t  the d iu r n a l  v a r i a t i o n  in  the 
ex c re t io n  of var ious  n i t rogenous  bodies  i s  very well  marked and 
p r a c t i c a l l y  cons tan t  fo r  each p a r t i c u l a r  subs tance .  He found 
t h a t  the maximum output of  t o t a l  n i t r o g e n  took place dur ing  the 
hours o f  s leep  and the minimum dur ing  the e a r l y  hours of  the 
day, whereas in  the case o f  u r i c  a c id ,  the maximum output takes  
p lace  du r ing  the day up to  about 4 p.m. and the minimum excre t ion  
dur ing  the  n ig h t .  In  the p re se n t  i n v e s t i g a t i o n  the normal 
ob se rv a t io n ,  i . e .  on the s i x t h  day a f t e r  the f a s t ,  corresponds 
with Leathes*8 obse rv a t io n ,  but when the f a s t i n g  u r in e  f ig u re s  
were examined i t  was found t h a t  the maximum output of t o t a l  
n i t r o g e n  took place  during  waking hours .  The ammonia output
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followed the course of  the t o t a l  n i t r o g e n  f a i r l y  c lo s e ly  both 
in  r e sp e c t  to  the f a s t i n g  and normal p e r io d s .  In  the case of  
the u r i c  ac id  e x c re t io n  both  obse rva t ions  were much a l ik e  and 
f u r t h e r  bo th  conformed with the o b se rv a t io n s  of  Leathes.
For the L i t e r a t u r e  of  t h i s  s e c t io n  see r e p r i n t  "Uber die 
■Zdsammensetzung des Hungerharns," bound with  t h i s  t h e s i s .
